. Thioglo-1 plate reader assay for steady state kinetic analysis of wild-type PikAIV (A) and apo PikAIV (B) in the presence of MM-CoA. This figure illustrates example data and fitting as collected in Table 1 Tables S1 . Acyl-CoA extender unit hydrolysis rates for PikAIV. Apparent rate was determined by the ThiolGlo-1 assay with four replicates to calculate %RSD. This figure supports comments in the main body text.
Additional Experimental Data.

Transient Kinetic Analysis of MM-CoA Loading on PikAIV.
Transient kinetic analysis in a rapid-quench apparatus enabled a series of time-point samples to be generated. These samples were then processed and analyzed by FTICR-MS to generate a loading curve (Fig. S4) . By normalizing to an internal standard peptide (ATIS), %RSD values were improved by approximately 10-fold to 5-20%, which is sufficient for transient kinetic analysis. The data were fitted to a single exponential curve, the simplest possible model for the data, and rates were determined. Fitting a simple single exponential model is also appropriate given the experimental error in this measurement. We found that the initial rate of direct AT loading for the native substrate is dramatically faster than the overall rate of hydrolysis or catalysis in the system, and thus the simple model that the data is fitted to and the modest %RSD values are sufficient for this interpretation. Sample spectra from such an experiment are shown (Fig. S5) . Due to the absence of detected AT active-site bound serine intermediates this analysis could not be performed for P-CoA or M-CoA. EM-CoA analysis was not performed due to limited substrate availability.
A.
B. 
PikAIV Active Site Occupancy by LC-FTICR MS.
PikAIV active site occupancy was determined by LC-FTICR-MS after terminating the reaction under steady-state kinetic conditions by the addition of trypsin. The ratios of the loaded and unloaded forms were determined and reported from four replicates. A single replicate of PikAIV WT + EM-CoA is shown as an example of the raw data ( Fig. S6 ). This figure is intended to highlight the complex nature of the experimental dataset. Figures S5A1 and S5A4 indicate the high level of sample complexity even from the digest of a single protein. Figures S5B1, S5C1 , S5D1, S5E1, S5F1, S5G1, and S5H1 indicate the high quality of the LC separation based upon temporal resolution of the active site peptides. Figures S5B2, S5C2 , S5D2, S5E2, S5F2, S5G2, and S5H2 illustrate the separate charge states monitored and relative intensity over the respective elution windows. Figures S5B3,  S5C3 , S5D3, S5E3, S5F3, S5G3, and S5H3 illustrate the high resolution characteristics of the data and the ability to monitor the specific isotopic peaks for each species. Figures S5B4, S5C4 , S5D4, S5E4, S5F4, S5G4, and S5H4 illustrate the results of the automated deconvolution software in terms of charge state, elution over multiple scans, and mass error.
A. B.
Figure S6. Sample data: PikAIV WT + EM-CoA active site occupancy by LC-FTICR-MS. Data are displayed for the free KS-SH active site (S5B), the free AT-OH active site (S5C), the loaded AT-EM active site (S5D), the free ACP-SH active site (S5E), the loaded ACP-EM active site (S5F), the free TE-OH active site (S5G), and the loaded TE-EM active site (S5H). The total ion chromatogram (TIC, S5A1) is shown from 5-55 minutes (the first five minutes of the run are not recorded) in absolute intensity. Extracted ion chromatograms (EIC) are shown ±20 ppm for all active site loaded and unloaded species from 5-55 minutes in absolute intensity normalized to the largest peak (S5B1, S5C1, S5D1, S5E1, S5F1, S5G1, S5H1). Average mass spectrum over the eluting active site species are displayed from 500-2,000 m/z in normalized intensity with the charge state and location of the active site ions noted in color (S5B2, S5C2, S5D2, S5E2, S5F2, S5G2, S5H2). A 5 m/z unit zoom is shown for the most abundant charge state for each of the active sites identified in m/z versus normalized intensity (S5B3, S5C3, S5D3, S5E3, S5F3, S5G3, S5H3). A deconvoluted ion chromatogram (DIC) is shown for all ions present as generated from DECON2LC and VIPER. Data are displayed as scan versus deconvoluted monoisotopic mass with charge state indicated in color (1+ 2+ 3+ 4+ 5+ other, S5A4). Denconvoluted ion chromatograms are shown corresponding to each active site species as scan number versus mono-isotopic molecular weight with charge state indicated in color (S5B4, S5C4, S5D4, S5E4, S5F4, S5G4, S5H4). This data illustrates a single replicate as used to generate active site occupancy as in Table 2 within the main text.
All active site peptides (PikAIV KS, AT, ACP, TE) reported in this paper have been confirmed by CID MS/MS fragmentation. MM, M, P, and EM loaded species have also been investigated. Active-site peptides monitored with b-and y-ion sequence coverage observed are provided below in Table S2 . For the ACP active-site including the holo and acyl-loaded species, the phosphopantetheine ejection ions (Ppt 1 and Ppt 2 ) were also observed (Dorrestein, 2006) . Peptide parent and product ion assignments by FTICR-MS are within 20 ppm and within 0.3 Da by iontrap-MS. All active site peptide assignments were also validated based upon the presence or absence of the species in specific reactions. For example, the loaded AT-EM active site was not observed when MM-CoA was added to the sample and the free KS-SH active site was not observed in the dKS active site cysteine to alanine variant. + ) for the holo free -SH cofactor. Since the Ppt ions contain any ACP loaded substrate, the mass changes in the case of loaded MM, P, or EM. This data illustrates the confirmation of the active site peptides as noted in Figure S6 and Table 2 .
Alternative acyl-CoA extender units for the production of narbonolide analogs by PikAIV.
The ability of PikAIV to catalyze the production of narbonolide and narbonolide analogs was analyzed by LC-FTICR MS ( Figure  S7 ). Note that a relatively "noisy" extracted ion chromatogram is due to the poor ionization efficiency of narbonolide. In addition, long elution profiles are noted due to the use of a protein compatible 300 Å C8 column. Nonetheless, the selectivity of the high mass accuracy, resolution FTICR MS is illustrated in the inset spectrum (<5 ppm mass error for assigned peaks) and selectivity between positive versus negative control reactions supports the production of the narbonolide and 2-ethyl narbonolide metabolites. Figure S7 . PikAIV catalyzed production of narbonolide and 2-ethyl narbonolide from MM-CoA and EM-CoA extender units with SNAC-hexaketide. A narbonolide positive control (S7A), +MM-CoA no enzyme control (S7B), +MM-CoA WT PikAIV reaction (S7C), +EM-CoA no enzyme control reaction (S7D), and a +MM-CoA WT PikAIV reaction (S7E) are presented. Extracted ion chromatograms were generated on an FTICR-MS to ±0.002 Da (6 ppm) and are shown as time versus intensity. The average mass spectrum from 16-20 minutes is inset with intensity versus mass/charge and error in ppm as compared to the expected product. The observed isotopic distribution closely matches the theoretical spectra (data not shown). The monoisotopic and monoisotopic + 1 isotopes are labeled in the +1 charge state (S7A, S7C, and S7E). This figure supports comments in the main body text.
